areas of computer-supported research and learning systems, hydrology, engineering education, and international collaboration. He has led several interdisciplinary research and curriculum reform projects, funded by the National Science Foundation, and has participated in research and curriculum development projects with $6.4 million funding from external sources. He has been directing/co-directing an NSF/Research Experiences for Undergraduates (REU) Site on interdisciplinary water sciences and engineering at VT since 2007. This site has 85 alumni to date. He also leads an NSF/Research Experiences for Teachers (RET) site on interdisciplinary water research. He has published over 85 papers in peer-reviewed journals and conferences. Results from the pilot course implementation reveal that 95% of the students felt that hands-on activities improved their ability to learn in the class and that what they were learning in the course was useful for their short-and long-term goals.
Introduction
Engineering education programs in higher education around the world share many of the same opportunities and challenges, including student retention. A lack of retention within engineering is often due to poor instruction, a lack of competence of students as they reach sophomore classes, a lack of a sense of belonging among students, or a lack of interest in engineering courses.
1, 2 In response to these issues, many engineering programs are reforming early engineering curricula within the first two years to improve student retention and success. The goal of this reform is to develop first-year courses that provide active-learning problem solving experiences that adequately prepare students for their subsequent courses in the engineering curriculum.
Key to the development of engaging, effective and innovative first-year course experiences is the integration of active learning theories. Active learning is a theory that suggests that students learn more by doing meaningful activities as opposed to being passive participants in a lecture setting 3 . Active learning activities, such as hands-on projects, have been shown to be more effective than traditional lecture based classes 4 . A related theory is collaborative learning, which proposes that students learn better together, when they are working together to achieve a common goal
5
. These contemporary learning theories can be applied in a first-year engineering course setting to improve student learning and motivation, which will ultimately better prepares students for their second, third, and fourth year engineering courses.
In addition, technological advances have enabled the development of virtual and remote labs that integrate engineering data into the classroom through interactive online laboratory environments Watershed Learning System (OWLS), which is an environmental exploration tool that grants users access to historical and live watershed monitoring data and educational case studies 7, 8, 9 . It acts as the front end for the Learning Enhanced Watershed Assessment System (LEWAS), which is a real-time continuous watershed monitoring station that collects stormflow, water quality (pH, dissolved oxygen, oxidation reduction potential, turbidity, temperature, and specific conductance), and weather (precipitation, air temperature, and relative humidity) data and broadcasts the data live through the OWLS. 
Methodology

First-year course activities
Based upon results from the faculty workshop 6 , active learning activities were developed for the first-year course at KLE Technological University (Table 1) . At the workshop, Virginia Tech researchers shared experiences in integrating active learning activities into first-year courses at Virginia Tech, which included activities such as straw towers, balloon drops, a sustainable energy design project, mechatronics, ethics, and watershed monitoring. During the workshop, faculty at KLE Technological University adapted the activities to fit their local-context and educational needs. The overarching goal of these activities was to engage the students in active learning that would improve student learning and motivation of first-year engineering students. The following paragraphs explain the outcomes and activities related to the topics outlined in Table 1 . (1) explain the importance of engineering profession in the world, (2) list the roles of an engineer in the engineering workplace, (3) describe common engineering disciplines and their specializations, and (4) differentiate between learning at school and learning in college. Active learning activities required students to draw a sketch of engineer at work, discuss the role of science and engineering in creating a product, list five jobs typically associated with disciplines of engineering offered at the university, list five engineering innovations that have changed human life, and discuss grand engineering challenges.
Role of Analysis in Engineering.
Outcomes from this section were to (1) define engineering analysis, (2) explain importance of analysis in engineering, (3) explain how to use analysis in design, and 
Sustainability in Engineering.
Outcomes from this section were to (1) explain that sustainable development is one of the most fundamental challenges confronting humanity, (2) explain the three main aspects of sustainable development -Society, Economy, Environment, (3) explain that role of engineers is vital in sustainable Engineering Design, and (4) calculate carbon foot print and energy consumption of people's day to day interventions. The active learning activity in this section required students to perform a life cycle assessment of paper, plastic bottles, shoes, and a wooden chair.
Ethics. Outcomes from this section were to (1) define the terms: etiquette, law, morals and ethics, (2) explain the need for ethics in the engineering profession, (3) explain moral theories, and (4) analyze a situation for ethical dilemmas and make related decisions. This section required students to conduct milk adulteration tests using provided kits for the presents of urea, sugar, preservatives, detergent, and starch.
The milk adulation test kits provided a local-context to ethical issues as they were provided by Biosyl Technologies Pvt. Ltd, which uses incubation space on the KLE Technological University campus.
Modelling, Simulation, Data Acquisition & Analysis using Software Tool. Students were introduced to the basics of data acquisition, data analysis, model building, and model simulation using LabVIEW software. This section required students to use LabVIEW to define and solve an engineering problem.
Final Project. Students were required to develop a product by following the design process of (1) announcement of 15 need statements covering broad themes of home automation, smart agriculture, and smart city, (2) carving out problem statements from need statements, (3) development of design considerations and prioritization, (4) gathering pertinent information, (5) project management (Gantt chart), (6) generation of feasible alternative solutions, and (7) detailed design. Students then presented their results during an exhibition, which provided an opportunity for freshman students to learn from their peers.
Online Watershed Learning System
The OWLS was introduced into the course as an example application in order to solicit student feedback on the learning value of different components. Within the Data Analysis and Graphing unit (Table 1 ) the students were required to think of designing a real time weather and stream monitoring system and to determine what kind of data they would collect, what the dependency is between the data they collect, and the frequency of the data collection. They then visited the OWLS to see how their solution compared to an actual real-time water and weather monitoring system. In addition, students were
shown the OWLS as a case study example of sustainability during their Sustainability in Engineering unit.
There is a clear difference in integrating the OWLS into the KLE Technological University and the Virginia Tech first-year courses due to location. Students at Virginia Tech have a local connection to the watershed as they live and take classes within the watershed. Therefore, they can notice how flow and water quality parameters change in real time as it rains where they are located. For students at KLE Technological University, they can only situate themselves remotely through the interactive multimedia on the OWLS. Therefore, it could be hypothesized that students at KLE Technological University may not learn as effectively through the OWLS as would students who have a local connection to the site.
Assessment
A mixed methods survey was provided to students at the end of the Fall 2015 semester to determine how the active learning activities impacted student learning and motivation, and to determine the learning value of the OWLS components. Mixed methods was chosen as it offered an opportunity to obtain both qualitative and quantitative data to assess the research objectives. The survey included Qualitative data from the survey was evaluated for codes and themes in the student responses.
This was done using NVivo software to familiarize the researcher to the data through reading and rereading of the data, generalizing initial codes, and gathering codes together to identify potential themes 11 .
Once themes were developed, some of the results were quantized by enumerating the frequency of themes within the survey responses.
Spring and Fall 2016 Activities
The course was offered again in the Spring and Fall 2016 semesters and included an expanded use of the OWLS in the course. Students in this course used the OWLS to download data, plot appropriate graphs, and interpret the relationship between parameters using the OWLS data viewer. Students used the OWLS to answer the following questions:
1. During the past month, a change (increase/decrease) in the pH level of water has been noticed.
Can you identify the factors responsible for this change?
2. What factors cause a change in specific conductance?
3. What cause a change in Dissolved Oxygen(DO)? Is there a relationship between DO and aquatic life?
Can you spot another relationship of interest?
Students were required to discuss their findings and support their answers by referring to theoretical concepts supported by data visualization of the OWLS. In these semesters the LEWAS was also integrated into the sustainability module as an example demonstrating the three main pillars of sustainability ( Figure 1) . A total of 550 students in the Spring 2016 semester and a total of 476 students in the Fall 2016 semester accessed the OWLS to complete their assignments; however, due to resource constraints a formal assessment of the students was not undertaken. 
Engineering Education Support and Feedback
An outcome of the workshop and ongoing collaboration is the strengthening of collaborative relationships between KLE Technological University and Virginia Tech. This collaborative relationship is exercised through the sharing of experiences, resources, assessment data, and results to improve the quality of first-year courses. An example of this relationship is illustrated in Figure 2 . As illustrated, the loop begins at the top with planning the modules and course assessment, followed by the implementation of the course and assessment procedures. Then the data is analyzed and interpreted before it is applied to either the Virginia Tech or KLE Technological University contexts. The feedback mechanism serves to improve instructional quality at both universities through shared data and experiences, and strengthens the overall engineering education research efforts at both universities. 
Results
Student learning
The learning questions were focused on evaluating the student-perceived learning of the course participants, and overall the students indicated that the hands-on active learning activities positively influenced their learning. For example, when asked "Did the hands-on activities affect your ability to learn in the course?", 95% of students indicated that the hands-on activities affected their ability to learn in a positive way.
The objective of the remaining two learning questions were to elicit feedback on which activities helped them learn course concepts the most and which activities helped them learn course concepts the Virginia Tech KLE Tech least ( Figure 2 ). The greatest number of students indicated that LabVIEW helped them the most, followed by Mechatronics, the Straw Tower/Book Holder, and the Balloon Drop activity. Interestingly, the greatest number of students that listed a specific activity indicated that the LabVIEW helped them learn course concepts the least, followed by the Straw Tower/Book Holder, and Ethics. There were a number of reasons why students might believe that an activity helped them learn course concepts the least. Those students that listed LabVIEW indicated that they did not understand it and that perhaps there was not enough time devoted to it. For instance one student stated " (Figure 2) , 13 of them felt that LabVIEW helped them learn course concepts the most (Figure 3 ). In addition, of the students who felt LabVIEW helped them learn course concepts the least, 30% felt that Mechatronics helped them learn course concepts the most (Figure 4 ). This indicates that there may be groups of students who fall into two general categories (1) those that value software skills but not hands on design, and (2) those that value hands-on design but not software skills. . While a majority of the students indicated that they had the ability to make decisions about their learning, a number of students also indicated that they had no choices. These students believed that because they were following instructions from their professors, that all of the choices were made for them. For example, one student stated that "No choices were available. Everything was mandatory." 
Usefulness. What did you find useful about this course?
The greatest number of students indicated that the development of professional engineering skills was what they found useful about the course ( Figure 6 ). For example, one student stated that the course helped them "to think like and engineer and work under pressure", while another student stated "it taught me how to think… it made me an engineer from a normal student." Others indicated the learning of engineering fundamentals were useful, followed by everything, activities, and teamwork. This highlights the value of active learning (activities, hands-on project) and collaborative learning (teamwork) in fostering a belief that they can succeed as an engineer. Interest. Which parts of this course were boring? Three major themes emerged, with the greatest number of students indicating ethics was a boring portion of the course, followed by LabVIEW and theory ( Figure 9 ). Students who indicated ethics felt that it was not an interesting topic with one student stating that "ethics was boring because it just involved going through the slides." Others did not like LabVIEW, with some indicating that they thought it was boring because they did not understand it. For example one student stated "Lab view because we couldn't understand it perfectly." This corroborates the findings from the responses to learning questions, where some students felt that LabVIEW helped them learn course concepts the least, with many of them indicating they could not follow along. Other students were bored with the theory behind engineering concepts that was introduced before hands-on active learning activities. Finally, some of those who listed Other indicated that the timing of the class (3 hours) was long and made it difficult to sit through the entire class, with one student stating that "sitting in one place for 3 hrs is boring". 
Caring. What could be changed in this course to help you feel you could be more successful in it?
A large number of students (171) indicated that nothing could be changed in the course; however, many students indicated that the timing of the course could be improved (59). The course was 3 hours long and some students indicated that they would like a break in between, while others felt that they needed more time to complete the final project. Other students indicated that they wanted more activities in the classroom (46) with one student stating that the course should "introduce more activities like the balloon and straw experiment".
Caring. What could be changed in this course to make you feel that the instructor cares about
whether you learn the course content and do well in the course? Overall the themes in student responses to this question mirrored the previous Caring question. While a large number of students indicated that nothing could be changed (159), others voiced concerns about the timing of the course (72), and a desire to increase the number of activities (25). For example, some student felt that the class was too long with one student stating "timing must be changed because due to the heavy schedule and the last hour classes students cannot concentrate on the topic". Just as with the previous question, students indicated that Overall, the results highlight the value of active learning modules in affecting the motivational aspects of empowerment, usefulness, success, interest, and caring. In all five aspects, group activities were mentioned as a positive influence on their motivation, with the strongest majority in success and interest. These results complement the learning questions by displaying how active and collaborative learning influences not only student perceived learning, but also many aspects of student motivation.
OWLS
The students were also asked to rank the features of OWLS based upon their OWLS activity. The users ranked the real-time data the highest, followed by the case studies, how-to-use guide, and interactive graph. This data was used to further refine the OWLS system as part of a dissertation developing and evaluating the OWLS across a wide range of educational contexts
12
. Interestingly, undergraduate freshmen and seniors and graduate students from engineering courses at Virginia Tech and Virginia
Western Community College consistently agreed with students from KLE Technological University that real-time data was the most important component but consistently rated case studies in the second half of component rankings. For all of these US-based student groups, anywhere / anytime access was the second most important feature 12 , which was ranked 6 of 9 components by students at KLE Technological University. Possible factors influencing these differences are the availability of anywhere / anytime internet access on mobile devices and instructor bias caused by instructors in different courses emphasizing different OWLS components. Further research is needed to isolate which factors are influencing these differences. 
Conclusions
This study has demonstrated how active and collaborative learning modules were integrated into the initial offering of a first-year engineering course at KLE Technological University. Results have highlighted the value of active learning in positively affecting student-perceived learning and many aspects of student motivation. Results from this analysis have been used to refine current and future course offerings. Future research will continue to evaluate how student learning can be improved in a first-year course through active learning activities and virtual labs such as the OWLS, as well as how activities and topics introduced within the first-year curriculum can be integrated into second, third, and fourth year courses through a spiral curriculum approach.
Additionally, the authors have found that when developing a course with colleagues working in different cultural settings, it is important to keep in mind that standard academic concepts, which one takes for granted and hardly thinks about because they are the only way of thinking about them that one has experienced during several years of post-secondary academic experience, may be very different in other cultural settings. These include such fundamental concepts as what one means by academic nomenclature (e.g., college, school or faculty) or what levels of access students will have to computing and internet resources for completing online learning modules. In order to overcome such cultural differences, it is essential to maintain open dialog between collaborators from both cultures, and in the experience of the authors, the model which was used here, i.e., faculty from the remote culture mentor
